Abstract-In this paper we have used the heuristic search algorithm for the process optimization of Reactive Distillation column. Basically, Process optimization is the manipulation of process variables, so as to optimize some of the parameters without violating the constraints. Gravitational Search Algorithm (GSA) is a new heuristic optimization technique based on law of gravity and mass interactions. This technique is used for process optimization of Methyl-Tert-Butyl-Ether (MTBE) reactive distillation. This work highlights the potential of GSA for an optimization of MTBE reactive distillation that involves complex reaction system. The results obtained gives better performance of MTBE reactive distillation.
I. INTRODUCTION
In a process industry, Reactive distillation (RD) combines both reaction and separation operation in a single column. This technique is especially useful for equilibrium-limited reactions such as Esterification, Ester hydrolysis, Etherification and Polymerization reactions. By using RD conversion can be increased due to the continuous removal of reaction products from the reactive zone. This has a great impact on by reducing capital and investment costs and help in growth and development due to a lower consumption of resources [1] . The use of Reactive Distillation for a particular application depends on various factors such as volatilities of reactants and products along with the feasible reaction and distillation temperature.
The whole reactive column divided into three sections rectifying, reactive and stripping zones which leads to complex interactions between vapor and liquid equilibrium, mass transfer rates, diffusion and chemical kinetics, but it leads to a great challenge for design and synthesis issues [2] . In the reactive column the conditions present are suboptimal both for chemical reaction and simultaneous separation. In a liquid-phase reaction systems, Reactive distillation play a very useful role as the reaction must be carried out with a large excess of one or more of the reactants. The basic etherification reaction between mixed isobutene with methanol to produce Methyl-Tert-Butyl-Ether (MTBE) in the presence of a strong acid catalyst [3] .
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optimization. Stochastic methods have capacity to escape local optima and find solutions in the vicinity of the global optimum. In research carried out by Edwin Zondervan [4] , [5] they have emphasized on Mixed Integer Non Linear Programming (MINLP) model to get optimized design of reactive distillation column. MINLP is combined with General Algebraic modeling System (GAMS), and it can be used to solve locally as well as globally. The other method given is Mixed integer dynamic optimization (MIDO) is used when both discrete and continuous decision are to be made in process plant. MIDO is suited for practical solution of large engineering problems [6] . Gravitational Search Algorithms (GSA) is heuristic search algorithm based on universal gravity and mass interaction. GSA, developed in the past few years, as a flexible and well balanced strategy to improve exploration and exploitation methods and the binary gravitational search algorithm was developed to solve different nonlinear problem [7] . An early work of the authors has successfully adapted this technique to the cell placement problem, and shown its efficiency in producing high quality solutions in reasonable time. It needs refinements, as in many other nature inspired algorithms, to maximize its performance in solving various types of problems. Gravitational Search Algorithms (GSAs) are novel heuristic optimization algorithms and developed in the past few years, as a flexible and well balanced strategy to improve exploration and exploitation methods and the binary gravitational search algorithm was developed to solve different nonlinear problem [8] . To assess its performance and robustness, they compare it with that of Genetic Algorithms (GA), using the standard cell placement problem as benchmark to evaluate the solution quality, and a set of artificial instances to evaluate the capability and possibility of finding an optimal solution. The results show that the proposed GSA approach is competitive in terms of success rate or likelihood of optimality and solution quality [9] .
In our paper we have assessed the performance of GSA and its robustness, for MTBE reactive distillation system. The results show that the proposed GSA approach is competitive in terms of success rate or likelihood of optimality and solution quality.
The organization of this paper is as follows: Section II includes process model of MTBE reactive distillation. Section III describes process optimization of MTBE reactive distillation using GSA. Section IV includes results and discussion and Section V gives conclusion.
II. PROCESS MODEL OF MTBE REACTIVE DISTILLATION
In the last two decades, research on heterogeneously [10] .
The overall material balance for equilibrium stage j: 
III. PROCESS OPTIMIZATION OF MTBE REACTIVE DISTILLATION BY GSA
In chemical engineering process design or plant operation we can have many solutions. Hence, Optimization plays an important role in selecting the best among the entire set using some of the optimizing methods including heuristic methods.
The better optimization results can be obtained by critical analysis of process variables and detailed process design. The selection of appropriate process variable as performance objective with key parameters which affects the process is important decision variable to get optimal solution. It is required to systematically identify the objective, process constraints, and degrees of freedom in a process or a plant to improve the quality of design and faster decision making [11] . In [12] , the author implemented range of nonlinear function optimization using particle swarm optimization technique with neural network training. In [13] , the author used hybrid approach of Genetic Algorithm (GA) and Bacterial Foraging (BF) techniques for function optimization. In [14] , the author implemented constrained optimization Augmented Lagrangian Particle Swarm Optimization (ALPSO), for tuning PID controller. To gain maximum value of objective function the metaheuristic algorithm like Central Force Optimization (CFO), is used, which is a new deterministic multi-dimensional search based on the metaphor of gravitational kinematics [15] .
The GSA starts with a set of agents, selected at random with certain positions and masses representing possible solutions to a problem, and iterates by changing the positions based on some values like fitness function, velocity and acceleration. The sequential Flow Chart of GSA Algorithm is shown in Fig. 2 .
In this research study, we have used the general equations proposed by Rashedi [7] .
In a system with N agents (masses), we define the position of the i th agent by: At a specific time t the force acting on mass i from mass j is presented as follows:
where M aj is the active gravitational mass of agent j, M pi is the passive gravitational mass of agent i, G(t) is gravitational constant at time t, ε is a small constant, and R ij (t) is the Euclidian distance between two agents i and j:
The total force acting on mass i in the d th dimension in time t is given as follows: ∑ where r and i is a random number in the interval (0, 1). The acceleration related to mass i in time t in the d th dimension is given as follows:
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where T is the number of iteration, G 0 is given constant.
Gravitational and inertia masses are simply calculated by the fitness evaluation. Updating the gravitational and inertial masses by the following equations: ∑ where fit i (t) represent the fitness value of the agent i at time t, and, worst(t) and best(t) are given as follows for a minimization problem: Fig. 2 . Flow chart of GSA algorithm.
In our case of MTBE reactive distillation, we have applied the unsteady state mass and component equations as our test function for GSA algorithm. The input parameters with their values are given in Table I . We have also used universal bench mark unimodel test functions as proposed by [16] which are given in Table II. 
IV. RESULTS AND DISCUSSION
In this case, GSA implementation is done using MATLAB. In case of MTBE reactive distillation, both the feed flow rates on reactive zone as well as vapor and liquid flow rates within the column are chosen as active masses along with temperature of the column. The composition and Temperature profile of MTBE Reactive Distillation is shown in Fig. 3 and Fig. 4 respectively. As can be seen in Fig. 3 the change is composition of MTBE is increasing continuously from tray no 1 to 15 and achieved optimized mol fraction of approx 0.8. As it can see in the Fig. 4 the temperature is linear from tray 1 to tray 11 then it increases suddenly between trays 11 to 15. We can clearly observe in the Fig. 5, Fig. 6 and Fig. 7 shown below, which are obtained using GSA algorithm and using selected test function gives better results. It has been found that after increasing the number of iterations more than 100, no further increase in optimization and it goes straight throughout, therefore we have run our GSA using 50 and 100 iterations to observe the behavior of FBest. We have also implemented GSA algorithm for the benchmark unimodal function F3. 
V. CONCLUSION
The heuristic optimization algorithm such as GSA, developed recently, is implemented in our system. The system chosen is MTBE reactive distillation. We have applied feed flow rates as our test function along with universal benchmark unimodel test function to obtain optimized process. The GSA code is generated in MATLAB. The performance of GSA has achieved good results regarding the solution quality and success rate in finding optimal solution. specific reaction number. δ j (0 or 1) reaction occurrence on stage j (When reaction occurs on stage j, δ j is set to unity but when there is no reaction; δ j is set to zero value).
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